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TUBI NG AND TUBE FI TT1 NG5

LEARN NG GBJECTI VES

1. Termnal Learning (bjectives:

a. Gdven a student handout entitled "Tubing and Tube Fttings," conplete
statenents to identify the application of tubing in autonotive vehicles, per
information contained in the reference provided. (6.3.5)

b. Qven a student handout entitled "Tubing and Tube Fttings," the
required tools, supplies and equi pnent, connect tubing per infornation
contained in the reference provided. (6.3.6)

2. Enabling Learni ng (b ecti ves:

a. Qven a student handout entitled "Tubing and Tube Httings" and a
list containing the nanes of four tube fittings and illustrations of those
fittings, match each illustrated fitting wth its correct nane, per
information contained in the reference provided. (6. 3.5a)

b. dven a student handout entitled "Tubing and Tube F ttings" and
illustrations of tube fittings, identify the point where the seal ing occurs
on each fitting, per information contained in the reference provided.

(6. 3.5b)

c. @ven a student handout entitled "Tubing and Tube Fttings," the
required tool s, supplies and equi pnent, per infornation contained in the
ref erence provi ded:

(1) cut the copper tubing snoothly at right angles to the center of
the tubing, (6.3.6a)

(2) prepare the tubing for a fitting, (6.3.6b)
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(3) flare the copper tubing to a tube fitting, and (6.3.6c)
(4) connect the tube fitting. (6.3.6d)

QUJTLI NE

1. I NTRIDUCT ON TO TUBE F TT1 N&S

a. Fane #1. Tube FHttings (Title frane - no narrative)

b. Fane #2. Tubing and tube fittings are a conmon neans of novi ng gases
and liquids in nodern equi prent of all kinds. Applications vary fromlow
pressure air controls to high pressure hydraul i c systens.

c. Fane #3. Miintenance of nost industria nachinery, construction and
mni ng equi pnent, refrigeration and heating units, private, comnmercia and
tactical autonotive equi pnent, and nany ot her devices invol ve tubing
connect i ons.

d Fame #4. Watever the application, to get the best perfornance from
the fittings you use, you nust be able to identify and use themcorrectly.
In this programwe w il identify the standard types and see how they are
used.

e. Fane #. Tubing can be nade fromdifferent material s, such as:
copper, alumnum steel, stainless steel, nylon and thernopl asti c.

f. Fane #6. The naterial a tube is nade fromdetermnes what substances
it can safely convey, its flexibility, resistance to corrosion, and how nuch
pressure, heat, and vibration it can handl e.

g Fane #7. Sone netal tubing is seanhess, sone has wel ded seans, and
sone has doubl e wal | s which are brazed toget her.

2. | DENTI FYI NG TUBE F TT1 NG5

a. Fanme #8. Tube fittings are also nade fromdifferent materials, like
brass, steel and synthetics. Each fitting is designed to be used wth
certain types of tubing.

b. Fane #9. There are two basic types of tube fittings...those that
require a flared tube and those that don't.

c. Fane #10. Hare fittings seal by clanping the tube flare between
internal seats.
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d Fame #11. The nost common flared tube fittings used today are SAE 37
1/2 flared hydraulic fittings (al so known as JICfittings [Joint Industrial
onference] ), the 45 1/2 SAE autonotive and refrigeration fittings, and the
SAE inverted flared fittings.

e. Fane #12. The 37 /2 and 45 /2 flared fitting bodi es | ook very
simlar, but the seat angle is different.

f. Fane #13. 37 /2 JICflared fittings are nost often nade of steel.
They are commonly used in hydraulics and other nediumto high pressure
applications. JICstands for Joint Industria Qonference, which first set
the standards for these fittings.

g Fame #14. 37 /2 JICTfittings are available as either two pi ece or
three pi ece assenblies. The three piece assenbly has a sl eeve which hel ps to
align and reinforce the flare for a better seat.

h. Fane #15. 45 1/2 flared fittings are usual |y nade of brass and are
used in awde variety of applications to transfer fuels, oil, water and
gases.

i. Fane #16. 45 1/2 flared nuts are available in different |engths.
The | onger nuts provide nore tube support for applications where vibration
occurs. The forged nut on the right is used for refrigeration application.

j. Fame #17. Inverted flared fittings are comonly used on aut onotive
fuel, oil and brake lines. The seat angle is 45 1/ 2.

k. Fane #18. They have nmal e threads on the nut, just the opposite of
regular 37 /2 and 45 1/2 flared tube fittings.

. Fane #19. Gonpression tube fittings do not require a flared tube.
They seal by conpressing a sleeve or ferrule onto the tube.

m Fane #20. Mbst conpression fittings consist of three parts: a body,
sl eeve, and nut.

n. Fane #21. There are nany types of conpression fittings: tapered
sl eeve, spherical sleeve, nylon air brake fittings, threaded sl eeve,
flareless hydraulic fittings, and fittings for synthetic tubing.

0. Fane #22. The tapered sleeve fitting is used wth copper, brass and
alumnumtubing. It is designed for use in | owand nedi umpressure systens
where vibration is mninal .

p. Fane #23. The tapered sleeve fittings can al so be used with
synthetic tubing. An insert is pushed inside the tube for support.
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g Fanme #24. The spherical sleeve fitting is a conmon air brake
fitting. It is designed to be used wth anneal ed copper tubi ng.

r. Fane #25. Hanged sl eeve conpression fittings are used wth nyl on
air brake tubing and in other simlar applications. H anged sl eeve bodi es
are much |ike spherical sleeve bodies except that the flanged sl eeve body has
a built-in tube support.

s. Fane #26. Httings used for air brakes are narked wth a Depart nent
of Transportation approval. Wen replacing air brake lines, be sure to use
approved fittings.

t. Fane #27. Tapered, spherical and flanged sl eeves are not
interchangeable. It is inportant to avoid mxing the conponents of these
different fittings.

u. Fane #28. The threaded sl eeve conpression fitting has only two
parts. The sleeve is a part of the nut. It is used in |ow pressure
appl i cati ons.

v. Fane #29. Hareless hydraulic fittings are used wth steel,
alumnum hard copper, and heavy wal | tubing that is not flared.

w FHane #30. The sleeve bites into the tube and is hel d there when the
fitting i s tightened.

X. Fane #31. There are a variety of fittings used for thernoplastic
tubing. The sinplest is the barbed push on fitting. These are easily pushed
into the tube for | ow pressure applications.

y. Fane #32. npression fittings are al so used with synthetic tubing
inlowpressure systens. This type has a sleeve held captive in the nut.

3. THREAD | DENI H CATI ON

a. Fane #33. Tube fitting threads are different than strai ght pipe or
tapered pipe threads. Tube fitting threads are not designed to seal. They
provi de the cl anpi ng force necessary to squeeze the tube flare, conpression
ring, or sleeve tightly against its seat. This contact provides the seal.

b. Fane #34. Tapered pipe threads are designed not only to connect and
di sconnect the fitting, but also to seal tightly so that the gas or |iquid
passi ng through doesn't | eak.

c. Fane #35. For hydraulic applications, National F pe Thread Fuel
(also called dry seal pipe threads) are often used. They are nmanufactured to
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cl oser tol erances than ordinary tapered pipe threads and are nore resi stant
to | eakage.

d Fanme #36. National Pipe Sraight Mechanical threads do not seal on
the threads. They have a 30° chanfer on the inside di aneter whi ch provides
the seal .

e. Fanme #37. SAE straight thread boss fittings have an "O ring on the
nal e fitting which squeezes into a chanfer at the top of the fenal e thread.

f. Fane #38. Sone straight thread boss fittings have a washer and
| ocknut which all ows accurate positioning of el bows and other fittings
requiring directional alignnent, while still nainta ning a good seal .

g. Fane #39. British pipe thread standards incl ude tapered threads
which seal |ike National pipe threads. There are also British standard
parall el threads which are simlar to National straight pipe threads. Wiile
National and British pipe threads nay | ook simlar, they are not
interchangeable. The nain difference is the thread pitch or the distance
bet ween t he t hreads.

h. Fane #40. Metric tube fittings are used wth netric size tubing.
They usual |y have either a 24 or 60 degree recessed chanier. The 24° body
can be used as a flareless fitting wth a sleeve and nut. Both the 60 and 24
degree bodies seal with netric fenal es whi ch have natching i nternal seats.

4.  CQONNECTARS AND ADAPTERS

a. Fane #41. There are nany different connectors avail able for each
type of fitting. Here is a nale connector with tube fittings on one end and
nal e pipe threads on the other end. In place of the pipe threads you coul d
have an SAE straight thread boss or a variety of nal e connectors.

b. Fane #42. Here is a fenale connector. It has tube fitting threads
on one end and fenal e pipe threads on the other. In place of fenal e pipe
threads, you coul d have a variety of fenal e connectors.

c. FHanme #3. Aunion has tube fitting threads on both ends.

d Fane #44. Hbows cone in either 45° or 90° angles. They can have
tube fitting threads on only one end or they can be union el bows wth tube
fitting threads on both ends.

e. Fane #45. Tees can have tube fitting threads on all three sides.
This is called a union Tee.
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f. Fane #46. Arun Tee has tube fitting threads 90° fromeach other. A
branch Tee has tube fitting threads opposite each other.

5. MEASLR NG TUBI NG AND H TTl1 NG5

a. Fane #47. Tube fitting sizes natch the outside dianeter of the tube
they are used wth. The easiest way to determine the size of a tube fitting
is to neasure the diameter of the opening in the nut where the tube enters.
You can neasure it as shown.

b. Fane #48. QO you can use a tube of a known size. The tube shoul d
slipinwth very little cl earance.

c. Fane #49. Tubing and fitting sizes are given in dash sizes. These
indicate the dianeter in sixteenths of an inch. -8 indicates 8 16ths or 1/2
inch. -61is 6/16ths or 3/8ths inch. Dash sizes are found in part nunbers
used when ordering tubing and fittings.

d Fanme #0. |If the fitting has pipe threads, then you' |l have to
neasure both the tube fitting size and pi pe thread size.

e. FHane #51. The actual outside dianeter of pipe fittings is
approximately 1/4 inch larger than their size designator. For exanple: a 1/8
inch NPT fitting wll neasure 3/8ths inch on the outside. A 1/4 inch fitting
neasures 1/2 inch on the outside and a /2 inch fitting wll neasure 3/4
i nch.

f. Fane #52. The dianeter of all tubing is neasured i n inches or
mllineters across the outside of the tube.

g. Fane #53. The inside dianeter depends upon the outside di aneter and
thickness of the naterial. A 1/2 inch tube wth heavy walls wll have a
snaller inside dianeter than a thin wall ed tube.

h. Fane #54. Wen sel ecting tubing you nust be sure that the inside
dianeter is adequate to handl e systemflowand that the naterial and wal |
thi ckness is capabl e of wthstandi ng systempressure. Tubing suppliers have
the engi neering data necessary to select the right tubing for the jaob.

i. HFane #55. Tubing cones in bulk rolls in specific lengths for
special applications. Uroll bul k tubing as shown here so you wll not kink
or squash it. Hold the end downh wth one hand and unroll the coil wth the
ot her hand.
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6. QUTTI NG TUBI NG

a. Fane #56. To cut netal tubing, use a tube cutter like this one.
Lightly tighten the cutting wheel feed screw 1/4th of a turn, then nake one
conpl ete revolution wth the cutter around the tube. Aternately tighten and
rotate the cutter until the tube is cut. If you tighten the feed too nuch,
you' Il flatten or distort the tube.

b. Fane #57. Qutters usually have a groove which allows clean cut of
flared tubes wth a mninumof naterial waste.

c. Fane #58. After cutting the tube to the desired | ength, reamboth
ends to renove the ridge caused by the cutter. Be careful not to allowdirt
or reamng chips to fall into the tube. It nmay be necessary to flush or bl ow
out the tube to renove contamnati on.

d Fane #59. Mst plastic rubber and neoprene tubi ng can be cut wth
shears or a knife. Qut squarely and don't allowdirt or pieces of cut
naterial to enter the tube.

7. BENO NG TWBI NG

a. Fanme #60. Here are two cormonly used devi ces for bendi ng netal
tubing. The spring type cones in several sizes, one for each size of tube.
It is slid over the tube which is then bent by hand. The | ever type nakes
nore preci se bends. Wi chever bender you use it is inportant not to nake the
bend radius too snall or you wll weaken the tube and restrict the flow

8. HARNG TWBI NG

a. Fame #1. |If the tube is to be used wth flared fittings, use a
flaring tool like the one shown to formthe flare in the ends of the tube.

b. Fane #62. Hrst slide the appropriate nut onto the tube. You w |
not be able to get it on once the flare is nade.

c. Fanme #3. Insert the tube into the flaring clanp and tighten the
wng nuts. Notice that the end of the tube extends slightly above the
surface of the flaring tool. If the tube extends above this surface too far,
the flare will be too big and wll not fit intoits seat. I|f the tube does
not extend above the bl ock far enough, the flare will be too snall and nay
pul | out or |eak.

d Fanme #4. Now nove the other half of the tool into place and
tighten the flaring cone snugly.
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e. FHane #65. The flare should look like this when finished. This is a
single flare.

f. Fane #66. For nore strength in high pressure applications, a double
flare is often recoomended. To nake a double flare, you wll need a speci al
anvil .

g. Fane #7. The anvil starts the flare by bendi ng the tube i nward.
The doubl e flare is finished wth the regul ar flaring cone.

9. ASSEMBLI NG AND Tl GHTEN NG H TTI NGS

a. Fane #68. Proper assenbly and tightening of fittings is essential if
opti numperfornance is expected. Special tubing wenches are avail abl e whi ch
Wil slip over the tube. These wenches provide a firner grip on the
fittings than woul d an open end wr ench.

b. Fane #69. Wen working wth tubing and tube fittings, keep
everything, including your tools and hands clean. DOrt wll cause threads to
bind. Both flared and conpression joints can leak if they are dirty when
connect ed.

c. Fanme #70. Thread conpounds and seal ants shoul d not be used on flared
and conpression fittings. The clanping force on the flare or conpression
sl eeve does the sealing, not the threads.

d Fame #71. You may use seal ants on fittings that use tapered pi pe
threads. Apply it only to the nale threads. Leave the first few threads
free of sealant and do not use too nuch because it nay enter the systemand
cause danage to conponents downst ream

e. Fane #72. Hare fittings are assenbled by first sliding the nut onto
the tube and then flaring the end of the tube.

f. Fane #73. Lubricate the threads and hand tighten the fitting.

g. Fane #74. The anount you nust wench tighten flared fittings varies
depending on the naterial it is nade from the size, and the type of tubing
used. Your |local supplier has the manufacturer's recommendations for
tightening the fittings you use. UWhless a fittingis attached solidly to a
bul khead, it wll be necessary to use two wenches: one to hold the fitting
body and one to turn the nut. Qherw se, you risk tw sting and danagi ng the
t ube.
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h. Fane #75. Gonpression fittings are assenbl ed by sliding the nut and
sl eeve onto the tube, then inserting the tube all the way into the fitting
body.

i. Fane #76. Lubricate the threads and assenbl e hand tight.

j. Fane #77. The anount you nust tighten conpression fittings beyond
hand tight depends on the type of fittings and tubing. It al so depends on
t he size.

k. Fane #7/8. If a conpression fittingis too loose, it wll leak. If
too tight, the sleeve and tube w il be danaged. S nce there is no rule that
applies to all conpression fittings, the best policy is to check the
nmanuf act urer' s recommendations for tightening the particular fitting you are
usi ng.

|. Fane #79. Learning to identify and use tube fittings correctly is
inportant for anyone who works wth themregul arly. There are nmany speci al
fittings in use today. V¢ have covered only the nost conmon ones. Again, if
you have questions about tubing or fittings, your |ocal supplier probably has
t he answers.

m Fane #80. The BEnd.

10. QUTTING H.AR NG AND BEND NG TWBI NG

(1) Wen naking a line fromtubing the first step, after selecting
the size and naterial of whichthe lineis to be nade, istocut it tothe
 ength desired.

(2) Incutting tubing only a special tubing cutter shoul d be used, as
it isinperative that the tubing be cut snoothly and at right angles to the
center line of the tubing to nake a | eak-proof joint.

(3) The cutting wheel of the tubing cutter is adjusted until it
contacts the surface lightly.

(4) The conplete tool is then swung conpl etely around the tubing,
after which the cutting wheel is agai n adj usted.

(5) The procedure is repeated until the cut is conpleted.

(6) After the tubing has been cut to the desired | ength, the ends
shoul d be reaned to renove any burrs fromthe tubi ng.

b. Haring
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(1) Wen naking a flare, the tubing is placed in the flaring bar wth
the end protruding slightly above the face of the bar.

(2) Care nust be taken that the tubing is clanped into the bar so
pressure of the flaring cone will not force the tubing through the bar.

(3) 9ip the yoke over the bar and start flaring by turning the screw
handl e cl ockw se.

(4 Ontubes flared too short, the full clanping area of the fitting
is not used and consequently the joint nay |eak or suffer early failure.

(5) Tubing flared too long wll stick and jamon the threads of the
fitting during assenbly.

(6) Hares that are not straight usually result fromthe fact that
the tubing was cut on an angl e.

(7) Brazed steel tubing, such as is used for hydraulic brake |ines,
nust be doubl e fl ared.

(8) To nake a double flare two operations are involved. In the first
operation, the tubing is belled through the used of an adapter.

(9) In the second operation the adapter is renoved and the flaring
cone screwed down. This folds the tubing down on itself and forns an
accurate 45 degree double flare wthout cracking or splitting the tubing.

c. Bending Tubi ng

(1) On snaller size tubing a sinple outside bending spring is usually
sati sfactory.

(a) This bender is slipped over the outside of the tubing and
prevents the tubing fromkinking when it is bent.

(b) Wen using a spring-type bender, it nust be renenbered that
the tubi ng nust be bent sonewhat further than required and then backed up to
the desired angle. In that way the spring is | oosened in the bender and can
be easily renoved.

(2) On larger sizes of tubing or when precise and uni formbends are

required, a lever type bender should be used. This bender can be slipped on
the tubing at the exact point the bend is desired, this is particularly
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advant ageous when the tubi ng has been partly connected, or is located in hard
to reach pl aces.

d. PRastic Tubing

(1) Wen using plastic tubing wth a copper sleeve, flaring is not
required.

(a) Hace the tube fitting nut over the tubing along wth the
copper sleeve and attach the fitting nut to the brass connector.

(b) We aflare nut wench to tighten the nut securing the two
conponent s t oget her .

(2) Verify the cuppling seal .
REFERENCE:

| ndustrial Training, Inc. Sound-Slide Program "Tube Fittings"
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